Objective: Enhanced knowledge retention and a preference towards a deep learning approach are desirable pedagogical outcomes of case-based learning (CBL). The CBL literature is sparse with respect to these outcomes, and this is especially so in the area of biochemistry. The present study determined the effect of CBL vs. non CBL on knowledge retention in an undergraduate biochemistry course; it also investigated associations of learning approach, age and gender.
Introduction
Case based learning (CBL) is a tool used to enhance learning through the use of case studies that are presented to students for them to solve (Davis, 2004) . CBL is an umbrella term that includes many types, which have variable suitability for different academic environments (Kulak & Newton, 2014) . Available evidence indicates that CBL offers several pedagogical benefits to students, including improvements in: a) students' intrinsic motivation to learning (Facione, 2000; Ferrari & Mahalingam, 1998; ) , b) sophistication of critical thinking skills (Ennis, Millman & Tomko, 2005) , c) retention of knowledge (Malau-Aduli, Lee, Cooling, Catchpole, Jose & Turner, 2013) , d) encouragement of self-evaluation and reflection (Cliff & Wright, 1996) , and e) effective collaboration interactions (Wenger, 1998; Webb & Palincsar, 1996) . CBL has been widely used in education, with observed variation in outcomes related to academic discipline (Herreid, 2012; Gijbels, Dochy, Van den Bossche & Segers, 2005; Grady, Gouldsborough, Sheader & Speake, 2009) , student age and gender (Malau et al., 2013; Das Carlo, Swadi & Mpofu, 2003; Mpofu, Das, Stewart, Dunn & Schmidt, 1998) and student approach to learning (Das Carlo et al., 2003; Mpofu et al., 1998) . Student approaches to learning were originally defined by Marton and Sä ljö (1976) as deep (high level of student engagement with the material) or surface (rote learning, little engagement with material), the present study follows these definitions.
The refinement of critical thinking skills and intrinsic motivation are generally accepted outcomes of CBL. These outcomes are associated with meaningful learning, a process that includes several cognitive phases, such as the acquisition of new information, the anchoring of new ideas, and interaction between new meanings and relevant ideas in the learners mind. It has been suggested that cognitive processes associated with meaningful learning also mediate knowledge retention (Ausubel, 2012) . Therefore, it seems fitting to assess if and how these outcomes connect to knowledge retention in a CBL environment. In cognitive psychology, it is generally accepted that students must use mental strategies in order to remember new material (Gagne, 1985) . Students must elaborate or think about the material and construct a link between it and other information already held in memory. Retention of knowledge involves the maintenance of knowledge, after acquisition, over a specified period of time and refers to students' ability to remember what they were taught (Semb, Ellis & Araujo, 1993; Fisher, Williams & Roth, 1981; Anderson, 2007) . Knowledge retention has received less research attention than some other benefits of CBL, likely due to difficulties in conducting longitudinal educational studies. However, available evidence suggests that student characteristics may be associated with the retention of knowledge within a CBL environment. Student characteristics are independent and external factors that are difficult for the researcher to manipulate, such as approach to learning, age and gender (Ansari, Jaiwal & Goshwamin, 2015; Khan & Sobani, 2012) . For example, Das Carlo, Swadi and Mpofu (2003) , showed that female student groups exhibited greater elaboration strategies in CBL sessions that male groups. Also, Mpofu and colleagues (1998) showed that females groups prioritized their learning objectives on exam success and overall learning, whereas in male groups, group participation was the most imperative objective. Additionally, gender by age group interactions were shown to be significant in Malau-Aduli et al. (2013) , whereby younger male students outperformed older male students and older female students outperformed younger female student in the biochemistry, and anatomy sections and overall scores of a retention exam. So, the association between student characteristics and knowledge retention in a CBL environment warrants further investigation. In general terms, retention studies focusing on introductory biochemistry education within the undergraduate or medical school curricula have commonly demonstrated a knowledge decline as the students' progress through their programs and that the magnitude of the decline is worse for biochemistry than for other disciplines when taught under traditional pedagogical conditions (Ling, Swanson, Holtzman & Bucak, 2008) . Studies that focus on CBL's effect on biochemistry content retention are lacking. One of the few examples is presented in Malau-Aduli et al. (2013) , whom did not observe a benefit of CBL on retention. However, their study lacked a control group and the students were exposed to a CBL curriculum including various types of CBL. Given the pedagogical benefits of CBL previously discussed, it is worth investigating its effect on retention further by carefully designing the experimental conditions and avoiding confounders.
Overview of Case-Based Learning
The use of real-life case scenarios in teaching makes learning more applicable and relevant to students, and when CBL involves group work, it can enhance communication skills (Fernandez-Santander, 2008; Savery, 2006) . In addition, CBL is a student-involved process encouraging students to take accountability for their learning -and in doing so students develop the critical thinking and transferable skills including life-long learning needed outside of academia (Hartfield, 2010) . Taken as a whole, CBL is an evidence-based instructional method shown to enable students to problem solve via gathering and applying pertinent information, retaining relevant knowledge and improving communication skills (Biggs & Tang, 2011) .
There are several types of CBL, such as: lecture-based, interrupted, jigsaw, PBL (problem-based learning) and the directed-case method (Kulak & Newton, 2014) . In general terms, the types of CBL vary in terms of the nature of material provided, the method of presentation of case material, the amount of direction provided, and the level of need for expert facilitation. For example, while the lecture-based type allows a case and its solutions to be described as part of a traditional lecture, the directed-case method allows students to work actively in a group, with the provision of several closed-ended case questions. In contrast, the PBL approach provides more complex cases without directed questions, and is highly self-directed. Similar to the directed case method, the jigsaw method breaks students into groups, although each group deals only with a single question; a subsequent phase of group work then ensues in which new groups are formed that are comprised of "experts" on each of the questions. Lastly, the interrupted method provides progressive disclosure of pertinent case information to students, again working in groups, with instructor facilitation of the case solution. Each CBL type has suitability for different educational contexts; a detailed review is provided in Kulak and Newton (2014) .
In CBL, students are expected to solve elaborate questions that can be open ended and require articulate explanations to problems (Kulak & Newton, 2014) . Elaboration, as a cognitive strategy, has been associated with retention of knowledge (Gagne, 1985) . Semb, Ellis and Araujo (1993) compared long-term content retention among students who were taught using a conventional lecturing method vs. an active learning method. The authors showed that the performance on the retention exam related to "recognition" and "recall" questions decreased as a function of time in both groups, but retention rates were still higher for the recognition questions particularly among the students in the active learning group. Likewise, Fisher and colleagues (1981) demonstrated that students exposed to active learning performed better on the "meaningful" rather than "rote" questions on retention exams, than students taught using only lectures. Furthermore, CBL has shown promise across a number of content-rich science disciplines with respect to knowledge retention (Malau-Aduli et al., 2013) , so a focus of ongoing work is to better elucidate how this pedagogy benefits learning in undergraduate biochemistry courses. In summary, CBL is an instructional technique that is both student-centred and based on group work, and can benefit students in several ways, but there is a gap in the literature with respect to knowledge retention in the teaching of biochemistry. Similarly, approach to learning, gender and age are some student characteristics that have been shown to be associated with knowledge retention in numerous academic disciplines. However, the evidence related to how these characteristics influence the learning of biochemistry is again, rare. As such, the primary research question in the present study was to determine whether the use of CBL in undergraduate biochemistry education would improve the retention of key concepts. The secondary question was to ascertain whether the retention of course material was associated with students' characteristics such as age, gender and preferred approach to learning. To that effect, we hypothesized that CBL will improve the retention of key concepts in biochemistry, and that knowledge retention may be associated with student characteristics.
Methods

Subjects
Subjects in this study were students enrolled in a kinesiology program that leads to a Bachelor of Applied Science degree at the University of Guelph Humber. The classes at this University are relatively small in size in comparison to most Canadian Universities. Subjects were enrolled in four separate offerings of a second year introductory biochemistry course (Fall 2012, n=64 students; Winter 2013, n=42 students; Fall 2013, n=63 students; and Winter 2014, n=41 students), all of which were taught by the same instructor. Each course ran for twelve weeks, with content presented in modules that described human metabolism. The Fall 2012 and Winter 2013 classes comprised the non-CBL control group, while the Fall 2013 and Winter 2014 classes comprised the CBL intervention group. All students in each course were invited to participate in the study, with respondents giving informed consent and completing the retention test as follows: Fall 2012 (non-CBL) n=16; Winter 2013 (non-CBL) n=20; Fall 2013 (CBL) n=27; and Winter 2014 (CBL) n=10. Statistical comparison of the final course grades of participating students in each class revealed no significant differences, with a mean final course grade of 79.13 +/-1.15 percent. Data was considered for each class independently as well as combined into a single non-CBL (n= 36) and CBL (n=37) group. The pooled analyses for the non-CBL condition included the Fall 2011 and Winter 2012 classes, while the CBL condition included the Fall 2012 and Winter 2013 classes, here we are reporting the pooled results, as we did not find significant differences across groups exposed to the same conditions.
Case-Based Learning
In the present study, the directed type of CBL was used. Directed CBL is quite structured, and allows for lectures or other pedagogies to be combined with the case study. The cases are accompanied by a set of questions with close-ended answers and supporting material (here, figures, tables, and text) to guide students into specific topics. This CBL type allows the instructor to set time limits and to monitor the construction of information to prevent students from diverging from the main topic, thus it is a suitable technique to teach content heavy courses such as biochemistry (Cliff & Wright, 1996) . The cases used in this study were designed following the protocol delineated in Kulak & Newton (2014) . As illustrated in figure 1, each module in the course involved four tasks, including orientation to the case study, a lecture, peer instruction, and large class case review. Between the case orientation and the peer instruction, students had time to find answers to the directed questions. Each group was comprised of five to seven students, and each student was assigned one to two questions to answer, with up to seven questions per case. An example of a case vignette used in the study is shown in figure 2 . In the non-CBL control group, students were exposed to the same lectures as the CBL group. Instead of tasks one, three, and four described in figure 1, students participated in a variety of general active learning activities that involved application, analysis, and synthesis such as generation of concept maps. These activities were similarly done in small groups. No activities were associated with cases. The time dedicated to small group active learning activities in the non-CBL group was approximately equal to the CBL group, for further details on implementation of these activities in our research see Kulak and Newton (2015) .
Student Approach to Learning
Student approach to learning was measured using the Revised Two-Factor Study Process Questionnaire (R-SPQ-2F). Biggs, Kember and Leung (2001) suggest that the R-SPQ-2F is a useful tool to assess teaching innovations and evaluate teaching and learning in the classroom, which was a specific aim of the present study. This questionnaire is designed to measure whether students take a deep or surface approach to learning. It is a revised version of the original Study Process Questionnaire (SPQ) designed by Biggs (1987) . The R-SPQ-2F is a statistically validated tool that consists of 20 questions (Biggs et al., 2001 ), and our investigation followed the factor analysis performed by Justicia, Pichardo, Cano, Berbé n and De La Fuente (2008) . The R-SPQ-2F scores were measured at the end of the semester after completion of the final exam. All students in the class were invited to complete a web-based R-SPQ-2F via email.
Additional Demographic Data
Student gender and age were collected in the web-based survey administered at the end of the semester.
Retention Test
The retention test was administered approximately nine months after students completed the course. All students in the class were invited to complete a web-based test of ten short answer questions that addressed key concepts across all modules in the course. The retention test questions are presented in Table 1 . Each question was worth two marks, for a total of 20 possible marks. Two individuals (the course instructor and a graduate student researcher) scored each test independently and in a blinded fashion. 
How does the movement of electrons generate energy in the electron transport chain?
Statistical Methods
Version 24 of the Statistical Package for the Social Sciences (SPSS) software was used in this study. Normality of data was assessed using the Kolmogorov-Smirnov test. Independent samples T-tests were conducted to compare retention test scores in each pooled condition. Linear regression analyses were conducted to compare retention test scores by the type of learning approach. Linear regressions were broken down by learning approach -deep approach (DA) and surface approach (SA). Two linear regressions were conducted per each learning approach (DA, SA) in each treatment condition: i) CBL condition, ii) non-CBL condition. Similar to above, two linear regression analyses were conducted for age in each treatment condition. A final linear regression was conducted to compare retention test scores by treatment condition and DA score. A two-way ANOVA (analysis of variance) was conducted to compare retention test scores as a function of treatment condition and gender (significance was set at p<0.05).
Results
The CBL group (M=12.65, SE=0.79) performed significantly better on the retention test than the non-CBL group (M=10.59, SE=0.54; p=0.007) as measured by independent sample t-tests in each pooled condition. When retention test scores were analyzed as a function of treatment condition and gender, gender was non-significant (p=0.856). There were no interaction effects of teaching treatment and gender on retention scores. Refer to figure 3 for a graphic representation of these results. Deep approach score significantly predicted retention test scores in the CBL condition, and there was a moderate positive correlation (r=0.324, p≤ 0.005, R 2 =0.105, figure 4A ). Deep approach score did not significantly predict retention scores in the non-CBL condition (r=0.036, p≤0.005, R 2 =0.001, figure 4B ). Note that figures 4A and 4B display less data points that total n due to some identical values obtained for more than one student. Surface approach scores did not predict retention test scores in any of the conditions; all findings were non-significant. There were no significant associations between retention test scores and age.
Discussion
To reiterate, the primary research question of the present study was to determine whether the use of CBL in an undergraduate biochemistry course would improve the retention of key concepts. There were statistically significant improvements in the retention scores of the CBL class compared to the non-CBL class, and the DA score significantly predicted retention scores in the CBL condition, although this resulted in a moderate correlation. There were non-significant associations of DA score on retention scores in the non-CBL class, SA score on retention scores in either of the conditions, and age on retention scores in either condition. Similarly, there was no effect of gender on retention scores in either condition.
The present study demonstrated a significant difference in the retention test scores of CBL students compared to the non-CBL students, such that students in the CBL class scored better than their non-CBL counterparts. This finding is similar to the El-Shaer & Gaber (2014) study, wherein nursing students in the experimental PBL class exhibited a non-significant trend towards higher mean knowledge retention scores than the control or non-PBL class on a retention test given three months following completion of the course. It is therefore notable that the present study found a significant difference in retention scores nine months after course completion, as knowledge decays across time. We hypothesize that the reduced requirement of self-direction accompanying our use of CBL, and the clear directions given to students, may have enhanced retention in comparison to the self-directed nature of the PBL used by El-Shaer & Gaber (2014) . The retention test in the present study was not face to face but web based. This method may facilitate students to use books or other material to respond to the questions. However, the risk of using other sources would have been the same for all groups and should not bias the results towards the CBL group specifically. Students in the non-CBL group scored just over 50%, while students in the CBL group scored over 60% on that test on average.
In contrast to our findings and the non-significant improvement of El-Shaer & Gaber (2014), Malau-Aduli et al. (2013) did not observe a benefit of CBL on retention in their cohort study of medical students. Specifically, in their cohorts of second through fifth year medical students taught using a CBL curriculum, the second year students performed significantly worse on the biochemistry portion of the retention exam than upper year students. The authors suggested that the lack of clinical experience and the high content density of junior years were main contributors for the poor performance. The findings of their study, however, should be interpreted with caution as it lacked a control group, while our study did. Furthermore, there was no delay between the course/year completion and the retention exam. Students were given the retention exam two months prior to final exams (Malau-Aduli et al., 2013) . Given these factors, the degree of comparability of those previous studies to the present study is severely hindered. This suggests the need for more studies with comparable experimental conditions. Although retention scores were significantly improved with the use of CBL, this effect was not related to student gender in our study. Evidence gauging the relationship between gender and retention of knowledge is very sparse, particularly when considering the retention of biochemistry knowledge within a CBL framework. Nonetheless, there is a small amount of relevant literature. For example, Kassab, Abu-Hijleh, Al-Shboul and Hamdy (2005) revealed that female PBL groups exhibited significantly higher group performance with respect to information sharing and listening in comparison to the male PBL groups (p<0.01). Based on this gender evidence it is possible that this factor may contribute to better knowledge retention in an academic course offering using a CBL framework. Overall, while our study revealed no effect of gender, other studies using PBL and CBL have demonstrated gender differences in group work (Das Carlo et al., 2003; Kassab et al., 2005) . This suggests a requirement for more research to closely examine the variable association(s) of gender with knowledge retention.
In our study, deep approach predicted retention score in the CBL condition. However, in the non-CBL condition, there was no clear association of DA with retention score. Currently, we are unaware of any previous literature correlating learning approach with knowledge retention. However, some literature has examined the relationship between CBL and approach to learning. In a previous study (Kulak & Newton, 2015) , we found that biochemistry students in a non-CBL class progressively opted for a surface approach from the beginning to the end of the course, while a CBL class did not exhibit this trend and performed significantly higher in the final exam (p<0.001). We suggested that the CBL environment prevented a shift towards a surface approach by providing meaningful experiences that facilitated problem-solving, and knowledge co-construction. This information was corroborated by focus groups interviews, where students described in detail that CBL promoted their motivation to learn and to understand the material by exposure to real-life case scenarios, for further details on how focus groups were used, see Kulak & Newton (2015) . In Bevan, Chan & Tanner (2014) , students in a CBL biochemistry course exhibited significantly higher deep learning both at the beginning and end of their semester course, compared to students in a parallel running non-CBL course (p>0.001). Specifically, students in the non-CBL course exhibited a rapid shift in learning approach such that their surface learning increased substantially at the end of the semester, thus mitigating any significant differences in favour of a deep approach at the end of the course and semester. In the CBL group, a significant difference was maintained between deep approach and surface approach both at the beginning and end of the course (deep approach decreased slightly at course end and surface approach increased slightly). Tiwari and colleagues (Tiwari et al., 2006) found that students exposed to PBL significantly improved their deep approach to learning from beginning to completion of a clinical education course. Although this study did not focus on biochemistry teaching nor include a control group, it included data from focus groups interviews that provide further insight into the student experience. Altogether, these observations provide empirical support to further investigations on the relationships between CBL and learning approach. Therefore, while previous literature has demonstrated that CBL is associated with a shift from surface to deep learning approach, the present study is the first to specifically demonstrate an association between CBL, learning approach, and retention of knowledge.
In the present study, while deep approach predicted retention in the CBL class, the association of age with retention was non-significant in all conditions. Also, it did not show any association for age. This may be because the age range was not large enough between all of the classes, as the study only considered students in a second year undergraduate course.
Strengths and Limitations
This study has several strengths and weaknesses that should be considered. A major strength relates to use of the directed type of CBL, which requires minimal facilitation at the small group level and is therefore relatively easy to implement in the classroom. In the present study, there was only one facilitator interacting with the entire class. The facilitator did not have special training in the use of CBL beyond the guidelines provided in Kulak and Newton (2014) . This allowed all students to be exposed to the same style of orientation and same level of teaching expertise, which avoided confounders in the study. The purpose of the facilitator in the directed method is simply to guide students through the four tasks, as seen in figure 1. This straight-forward strategy may prevent cognitive confusion related to goals and objectives which in turn may motivate students to persist in solving the cases. Another strength relates to the use of carefully designed case studies that provided both breadth and depth of content associated with each of the course modules. The cases used in the study were created by the course instructor along with graduate students trained in the area of biochemistry, following an extensive literature review of how to use and develop case studies in science and beyond. Involvement of graduate students in this process was helpful as they were able to utilize their prior experiences to suggest topics that would be relatable and interesting to students at the undergraduate level. The study design included the use of four separate classes, two which were exposed to CBL and two which were not (non-CBL). Since the classes at Guelph Humber are relatively small, the study design purposely used four independent groups over a two-year period. The use of four groups was considered an advantage relative to many other educational research studies that include fewer groups. Using various groups served to generate robust data for each condition. Also, the non-CBL groups served as quasi-controls which strengthened the results: the CBL condition was compared to a non-CBL condition that included some active learning rather than strictly traditional lecturing; this served to avoid confounding results due to effects of active learning per se versus traditional lecturing. The students in all four groups undertook two R-SPQ-2F tests, one at the beginning of the course and one at the end. This allowed for data collection to determine if changes in their approach to learning were associated to CBL exposure and not merely to active learning in general (Kulak & Newton, 2015) .
Limitations of the study included a small n and a lack of randomization. Also, there was the narrow spread of age between all of the classes. However, this was unavoidable given that only a single course was involved. Nonetheless, with regard to statistical analysis and power, it is important to note that statistical power is a function of both sample size and effect size. When the effect size is large, smaller samples can be used to detect significant differences. The present study detected a significant difference in knowledge retention between the two groups and based on statistical foundations it seems to suggest a relatively large effect size. The study focused on the second-year undergraduate biochemistry offering as part of the kinesiology program, so the results reflect effects of CBL on this particular course and discipline.
Conclusion
This study considered whether the use of case studies in undergraduate biochemistry education would improve the retention of key concepts across time, and whether there were associations between retention and student characteristics including LA, gender, and age. A significant effect of CBL on knowledge retention was observed, as evidenced by improved scores on the retention test of key concepts administered nine months after completion of the
